(1) and subsequently published excerpts of studies (2, 3) dealing with the kinetics of the saccharogenic action of the amylase that served as the basis for my first analytic procedure. The second method, which is based on the amyloclastic action, yields results that run quantitatively parallel with those obtained by the first method; its simplicity and rapidity recommend it as a convenient tool for clinical diagnostic tests.
In the course of years I introduced some modifications in both methods, which are reported in this paper.
The modifications are concerned with the preparation of the substrates, leaving the fundamental elements of the two methods virtually unaltered; yet they contribute, I feel, to the accuracy and reproducibility of the results.
METHOD BASED ON THE ESTIMATION OF SACCHAROCENIC ACTIVITY
From the beginning I insisted upon the use of corn starch as a substrate and raised objections to substitution by soluble starch because the latter (Lintner 's), prepared by partial acid hydrolysis of potato starch, contains a whole array of intermediate degradation products (among them reducing substances), the size and variety of which affect the rate of amylase action. Soluble starches vary in composition not only from manufacturer to manufacturer, but even from batch to batch originating from a single source: I have received a Lintner starch that gave (with iodine) the color of erythrodextrin.
This variability leads to inconsistent results, a fact which is not SOMOGYI Clinical Chemistry remedied by correction for the initial reducing power of the substrate; it becomes a disturbing factor in any laboratory, and a source of confusion when different laboratories wish to compare their results.
Adapting the method to the normal range of the amylase content of blood and urine, I found a starch paste containing 10 to 15 Gm. corn starch per liter to be an adequate substrate.
Since the paste made of unmodified commercial corn starch is rather viscous at this concentration and hence hard to measure accurately, originally I recommended washing the starch with greatly diluted 1101 in order to obtain a more fluid paste. However, even this mild treatment imparts a slight reducing power to the starch, and I abandoned it, resorting instead to purification by washing with a dilute NaOH solution, as recommended by H. C. Sherman (4) in 1910. A 1.5% paste of this starch is sufficiently fluid to permit accurate pipetting and is completely free of reducing matter.
PURIFICATION OF STARCH
About 1800 ml. of 0.25% NaOH are heated in a 2000-mi. beaker to 50 to 550 C. Heating is then discontinued and about 200 Gm. of corn starch are introduced, with agitation by a mechanical stirrer.
Agitation is continued for 1 to 2 hours, then the starch is allowed to settle overnight.
The yellow liquid is decanted, the starch suspended in water and agitated for a while before being allowed to settle again overnight. After the water is decanted and the washing repeated twice more, the starch is allowed to dry at room temperature.
ALTERNATE RAW MATERIALS
There are other starches that are suitable for use as substrate in our method. Thus Straw (5) recommended an imported preparation, "Ramalin,"
which consists in the main of the amylopectin fraction of potato starch and is almost completely soluble in water without heating. If the solution is allowed to stand, it yields a homogeneous liquid that can be decanted from a small sediment. We found that the starch of waxy corn, which consists preponderantly of amylopectin, is an equally satisfactory substitute for purified corn starch. Still another usable material is potato starch, but it must be purified with NaOH in the same manner as described for corn starch, as without this it gives pastes that are too viscous.
PREPARATION
The preparation of the starch paste is quite simple if one has on hand a supply of aqueous solution that contains the required amounts of phosphate buffer and NaC1; also included as preservatives are propyl parasept (propyl para-hydroxybenzoate), recommended by Wenger (6) , and NaF. One liter of solution contains 2.25 Gm. KH2PO4, 2.4 Gm. Na2HPO4, 2.5 Gm. NaC1, 2.0 Gm. NaP, and 0.3 Gm. propyl parasept.
In a 1000-ml. beaker, 15 Gm. starch are suspended in 100 ml. of the buffered solution, while another 900 ml. are heated to boiling. The hot solution is added to the starch suspension with vigorous agitation; further heating is not necessary.
The pH of the buffer is close to 6.8, but the final pH of the paste is nearer 7.0, because of the slight alkalinity of the purified starch.
THE ANALYTIC PROCEDURE
Analysis is somewhat simplified as a result of the modification, and is as follows. In a test tube, 10 ml. of the substrate are preheated in a constant-temperature water bath of 40#{176} C., after which 2 ml. of the enzyme solution (for instance blood serum, plasma, urine) are admixed with it and the mixture incubated for 30 minutes.
Next, 4 ml. of O.3N Ba(OH)2 are admixed, followed by 4 ml. of 5% ZnSO4 solution; the tube is then well shaken. (The foregoing quantities may be halved.) After standing for about half an hour the material is ready for filtration; this can be preceded by centrifugation in order to obtain a greater yield of filtrate.
It should be noted that precipitation by copper and tungstate has been replaced by zinc precipitation; the latter produces a clearer filtrate, and it has been ascertained that it stops enzyme action as completely as the copper precipitation.
The reducing power of the ifitrate is then determined and expressed in terms of glucose per 100 ml. of the medium under assay. If this medium contains reducing substances, as blood plasma and urine always do, these are determined separately (likewise in terms of glucose), and deducted from the total reducing power. The figure thus obtained represents amylase units per 100 ml. of the amylasebearing medium.
It has come to my attention that some investigators open the door to a substantial source of error in their selection of a method for the determination of the reducing power in that they overlook the fact
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Chemisfry that an analytic method satisfactory for the determination of glucose may not be adequate for the quantitation of the reducing power of the reaction products of amylase. In my original paper I pointed out that, if, in the assay of amylase, the standard conditions are (as they must be) observed, the bulk of the reducing matter in the reaction mixture will consist of nonfermentable polysaccharides that are oxidized by alkaline copper reagents at a much lower rate than glucose. The Shaffer-Somogyi copper reagent No. 50, for instance, which Nelson selected for use with his chromogenic reagent, completely oxidizes glucose (on heating 5 ml. of sugar solution with 5 ml. of the reagent) in 10 to 15 minutes and yields satisfactory results for blood sugar, for which this technique was recommended.
Oxidation of the products of amylase action (maltose and, in particular, the nonfermentable reducing substances) proceeds at a much lower rate, so that their complete oxidation with this copper reagent requires at least 30 minutes, with the consequence that heating for 15 minutes gives too low values, introducing errors of 20 to 30 per cent. For this reason I devised a "high alkalinity"
copper-iodometric reagent for acceleration of the reaction; but even with this reagent, 20 minutes of heating is mandatory for the reliable determination of the reducing power produced by amylase.
A worker who prefers to use other methods that, as a rule, have been devised and standardized for the determination of glucose, should establish and observe the conditions under which the nonfermentable reducing substances of the reaction mixture are completely oxidized, unless he is ready to tolerate errors of 20 to 30 per cent.
Another serious error in amylase assay can result from the use of amylase concentrations that are too high in relation to the substrate concentration.
I have shown in earlier reports that the reducing power produced by amylase is in direct proportion with enzyme concentration only so long as at least 65 to 70 per cent of it derives from nonfermentable polysaccharides, the remainder from maltose. Although this subject was treated in some detail nearly 20 years ago in two papers (2, 3) it may not be superfluous to insert here a few data taken from old notes to illustrate the importance of this observation. These figures (Table 1) were obtained by incubating identical amounts of an amylase solution (diluted saliva) with starch paste, with the concentration of the latter being the only variable.
As may be seen, the aggregate reducing power of the reaction products began to decline when the nonfermentable fraction was responsible for only 63 per cent of the total reducing power and, as the ratio fell to 32 per cent, the apparent amylase action dropped to 161, as against the correct value of 343 units, an error of over 100 per cent.
On the other hand, as long as the reducing power of the nonfermentable fraction constitutes no less than 65 to 70 per cent of the total reducing power, the latter is in direct proportion with amylase action, and the result of the assay is correct. This fact is ifiustrated by the data in Table 2 , obtained in an experiment in which the concentration of the substrate was constant (10 Gm. starch per liter), while the amount of amylase was varied by graded dilutions of a urine sample. It may be noted that the nonfermentable fraction in this instance was always well above the minimum requirement, and the saccharogenic action increased in direct proportion with the enzyme concentration. of the assay is doubtful, necessitating repetition of the operation with a higher dilution of the enzyme solution. But it may happen that the extent of dilution was not estimated closely enough, so that a third assay must be performed with another dilution. This can be easily avoided by performing rapid preliminary tests using the method described in the next section.
METHOD BASEDON THE AMYLOCLASTIC ACTION This is the method we have been using almost exclusively in our clinical laboratory during the past 25 years. Simple and rapid as this technic is, it yields results no less reliable than those obtained by the method described above, provided that the starch solution employed as substrate is prepared by a closely standardized procedure, in order to rule out as far as possible variations in its composition. As first described in 1938, the substrate was extracted from a starch paste that was prepared at boiling temperature and further heated in a boiling-water bath. With this procedure, starch solutions were obtained that varied in the ratio between amylose and amylopectin content, and consequently in several physical qualities, among them stability and transparency.
Recognizing the fact that this variability resulted from rather slight changes in the process of heating, I elaborated in the course of years a simple, standardized technique, described below, which yields starch solutions of superior and reproducible quality.
SELECTION OF RAW MATERIAL
In the early 1930's I made an extensive study of the response to and found corn starch the most suitable (rice starch being the next best) for our method of assay. At the same time we observed that soluble starches (Lintner) introduce substantial errors in the measurement of the saccharogenic action of amylase, and that these errors are even greater in the assay of the amyloclastic action of the enzyme. A few examples to demonstrate this fact are given in Table 3 . It may be seen that one of two batches of soluble starch, obtained from the same source at different times, was dextrinized nearly twice as fast as the other (4.5 against 8 minutes), indicating twice as much amylase action. Both showed a much shorter reaction time than our standard substrate, prepared from unmodified corn starch, with the consequence that amylase action computed on this basis was shown to be 37 per cent higher with soluble starch Batch I and 144 per cent higher with Batch II than it actually was as measured with unmodified starch. The difference in the rate of dextrinization of the two soluble starches is evidently due to the fact that, in the manufacturing process, the hydrolysis in Batch II was more extensive than in Batch I, while the longer reaction time with unmodified starch correctly represented the hydrolytic action of the enzyme alone. The correct value, obtained with unmodified starch, is, as may be noted, reproducible and can be determined with considerable accuracy if the substrate is prepared by a closely standardized technic.
PREPARATION OF THE STARCH PASTE
Besides standardization of the heating technic, preparation of the starch paste was changed by the incorporation of a phosphate buffer. In our original method, which was in the main adapted to the assay of blood, the buffer appeared to be superfluous, as we ascertained that 
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freshly drawn blood shows virtually identical results with and without buffer, whereas the enzyme activity declines on standing. It appeared simpler to insist on using blood in a fresh condition than to introduce a buffer. In time, however, observing that this decrease in enzyme activity is caused by a rise in pH, due to loss of C02, and not to deterioration of the enzyme, we incorporated in the substrate a phosphate buffer of pH 6.8, and rescinded the requirement that the test be performed on freshly drawn blood.
The starch solution according to the original directions had to be kept under strictly sterile conditions, as we knew of no preservative that would not affect enzyme activity. Sodium fluoride is a preservative that does not poison amylase (as a matter of fact, it activates it nearly as well as NaCl), but was found to be of only limited effectiveness. Addition of propyl parasept, however, as we stated in the preceding section, preserves starch solutions satisfactorily, eliminating the need for sterile precautions.
The starch paste from which the solution serving as substrate is to be extracted is prepared of commercial corn starch (alkali-purified starch yields a slightly better product) but, instead of water, a solution is used containing phosphate buffer, NaCl, NaF, and propyl parasept in the concentrations given in the preceding section. It is well to keep on hand a liberal supply of this solution, as it is employed on two occasions in this method.
In preparing the paste, the following routine is found practical. About 3600 ml. of the buffered solution are heated to boiling in an erlenmeyer flask. In the meantime, another 400 ml. of the solution are heated in a 4-liter beaker to about 55#{176}, and 80 Gm. of corn starch are suspended in it by means of a mechanical stirring apparatus. With the stirrer in uninterrupted, vigorous action, the boiling solution is poured into the beaker and, after about 1 minute the agitation is discontinued.
The temperature of the starch paste thus prepared is 90 to 92#{176}; after it has cooled to a convenient temperature, it is transferred into the erlenmeyer flask.
SEPARATION OF STARCH SOLUTION
On standing, the starch paste "breaks" into a gelatinous sediment and a limpid, slightly opalescent supernatant layer. This separation starts within 24 hours, but it is advisable to allow several days (or even weeks) for good sedimentation.
Then the clear supernatant fluid, the starch solution that is to furnish the substrate, can be syphoned off. Additional solution can be obtained, if desired, by centrifugation or filtration of the sediment.
DETERMINATION OF CONCENTRATION
The next step is determination of the concentration of the starch solution.
To this end, 5 ml. are pipetted into a 25-X 200-mm. test tube, 5 ml. of 1.0 to 1.2 N HC1 are added, and the tube is heated in a boiling-water bath for 2.5 hours. If the level of the water bath is about the same as that of the fluid in the test tube, covering the latter with a glass bulb or small inverted beaker suffices to prevent undue evaporation.
After cooling, the acid hydrolysate is neutralized with NaOH, using a drop of phenolphthalein as indicator, and the solution is transferred to a 50-ml. measuring flask and diluted to the mark. The glucose concentration determined in this solution, multiplied by 0.9, represents the concentration of starch.
ANALYTICAL PROCEDURE
The substrate is prepared by dilution of the starch solution to contain 75 mg./100 ml. For example, if the concentration was found to be 328 mg./100 ml., 75 ml. of the solution are pipetted into a 500-ml. graduated cylinder and diluted to 328 ml. For dilution, the same buffer-NaC1-NaF-parasept solution is used that serves for the preparation of the starch paste.
A standard iodine solution is the only other reagent required. It is a 0.002N solution of iodine, prepared by dilution of 10 ml. of 0.1N aqueous iodine solution to 500 ml. with 2% KI solution.
The technical equipment required for the assay consists of a water bath with constant temperature at 40#{176}, a few test tubes and pipettes, and a standard source of light. The latter is a 100-w frosted light bulb encased in an asbestos-board box, in the front side of which is a hole about 7 mm. in diameter.
The quantitative element of this method is measurement of the time required for amylase action to hydrolyze starch until it gives, with iodine, the reddish-brown color of erythrodextrin.
As the reaction progresses, the color of the iodine complex changes from blue through purplish blue, purplish red, reddish brown, brown, yellow, to colorless.
The transition is gradual, but a rather sharp line of demarcation is discernible when the purplish hue disappears, yielding to the reddish brown color of erythrodextrin, which we have chosen as the end point; before and after this stage of the reaction, the changes are too diffuse to permit the drawing of a boundary line. The colors are observed in transmitted light, with the test tube held against the window in the light box.
In a test tube of 14-to 16-mm. diameter, 4 ml. of the substrate are preheated in the water bath; then, 1 ml. of the solution to be assayed (for example, blood plasma, serum, or urine) is blown in from a 1-ml. pipette "to contain,"
(which is rinsed once with the reaction mixture) and a stop watch is started simultaneously.
After incubation for about 6 minutes, a 0.5-mi. portion is pipetted into one of a series of test tubes of 13-mm. diameter, which have been charged in advance with 0.5-mi. portions of the iodine reagent, and the color is observed against the standard light. This operation is repeated at intervals until the color of the iodine complex reaches the end point, when the time of incubation is read from the stop watch.
A little experience will teach one to estimate, after the 6-minute test, the length of time that can be allowed until the next one. The bluer the color after 6 minutes, the longer the interval that can be allowed for a few consecutive tests, so as to leave enough of the reaction mixture for performing the last two or three tests at 1-minute-and if the change progresses rapidly, even 0.5-minute-intervals. After some experience, the end point can be anticipated with sufficient proximity to enable the analyst to perform the assay with 2 ml. of substrate and 0.5 ml. of enzyme solution, as is the routine in our clinical laboratory.
Once familiar with the technique, an experienced technician can perform a number of assays simultaneously. If the color at the 6-minute test is past the end point, i.e., if it is brown or yellow, the enzyme concentration was evidently too high and the assay must be done again with a diluted enzyme solution, using 0.5% NaCl for dilution; the density of the color supplies some guidance as to the degree of dilution required.
In cases of acute pancreatitis, for instance, dilutions of 1:5 and even as high as 1:20 may be necessary; for the assay of saliva and pancreatic juice, far greater dilutions are required.
The concentration of the standard iodine reagent was selected on the basis of careful observations.
If iodine is used in excess, it will impart to the blue color a disturbing greenish tinge and will extinguish a purple shade. Such unregulated use of iodine in Wohlgemuth's method explains some erroneous reports, as for instance the finding of amylase in cow's milk, which is entirely devoid of the enzyme.
Part of the iodine content of my reagent is rapidly consumed by some constituents of the blood plasma or urine, and the remainder just suffices to combine with the starch or dextrins, leaving no excess to distort the end point of the reaction.
The relatively high concentration of KI serves to stabilize the colors. Without this considerable excess of KI, the iodine is consumed so rapidly by organic substances in the mixture that within a few minutes none is left in combination with starch or dextrins, and the color fades out.
Fading may occur also with this iodine reagent, but only on exceptional occasions when the plasma contains unusually large amounts of lipids or other unsaturated substances. This is remedied by adding more of the reagent, dropwise, until maximum color intensity appears. Conversely, when the plasma is diluted more than two-fold, because of abnormally high enzyme activity, 0.5 ml. of the iodine solution is excessive, and only 0.3 ml. is used. If these details are observed, the resultant colors are clear and brilliant in transmitted light and make it easy to discern very slight changes in hue. Technicians in our laboratory seldom differ by as much as half a minute in reading the time of reaction to the end point, and I doubt that the accuracy of the method could be enhanced by substituting an optical instrument for the simple light box. It is rather obvious that in the interest of accuracy the enzyme solution used for assay should be in a low enough concentration to allow no less than 8 to 10 minutes for the reaction to reach the end point. Normal blood plasma will satisfy this condition, but normal urine may require up to three-or four-fold dilution.
About 20 minutes is a useful reaction time, since an error of 1 minute in reading the end point-a degree of accuracy easy to attain-entails but 5 per cent error in the assay.
CONVERSION OF THE REACTION TIME INTO AMYLASE UNITS
The time interval, t, measured in this method is in inverse relationship to amylase action, and lit, under our standardized conditions, is in direct linear proportionality with the enzyme concentration; i.e., when the latter is doubled, the reaction time is halved, and so on. Since the saccharogenic action of amylase, expressed as amylase units (A), also is in direct proportionality with the enzyme action, the ratio, A l/t, is a constant value, K; i.e., A X t = K. From this simple equation, it follows that K/t=A the extent of dilution for the valid determination of the saccharogenic action of media with high amylase content, such as the blood and urine in the state of acute pancreatitis, saliva, and pancreatic juice. The dilution is safe and adequate if the color of the iodine complex after 3 minutes' incubation has not passed the end point or has progressed only slightly beyond it. If this condition is satisfied, the reducing power will be within 600 units or at least will not exceed it appreciably.
A limitation of the method is that it cannot be used for colored media such as whole blood and bile, and also suffers in accuracy in the assay of undiluted, excessively icteric, and strongly lipemic, milkylooking blood plasma.
In such instances one must resort to the determination of the saccharogenic action.
